Introduction: Sexual response cycle is modulated by a variety of biological factors, especially antidepressants and antipsychotics. Although the circuit of romantic love has recently been delineated, the biological impact on romantic love is barely mentioned in human, however. Methods: In thus study, a comprehensive literature review was completed to elucidate the role of central monoamines, including dopamine, serotonin, norepinephrine, epinephrine, melatonin and histamine, for the romantic love and relationship in human. Results: The central circuit of romantic love includes the mesolimbic and mesocortical tract and their extensions widely distributed in cortical, subcortical and brainstem structures. The activation of brain foci progressively decreases along with the romantic relationship in many areas, including the bilateral caudate and ventral tegmentum area without change of passionate love. Hyperactivity of dopamine and serotonin is suggested at the synaptic level for romantic love in lovers, probably through an inhibition of transporters or increase of terminal release. Romantic love can be modulated by antidepressants or recreational drugs. Polymorphism of dopamine and serotonin receptor relates to the romantic relationship. The effect of other monoamines is barely mentioned. Conclusions: Romantic love is vulnerable for secondary effect, such as drugs which modulate the dopamine and serotonin, in human. Romantic relationship is also impacted by the polymorphism of monoamine receptors. Therefore, the biological effect is not limited to sexual response cycle but also the romantic love and relationship. Further investigation is warranted for understanding the secondary effect in romantic love for romantic dissolution or divorce.
Introduction
Social emotion evolutionally changes to respond and adapt the social environment, such as shame, guilty, trust or altruism in group. In an attempt to survive and propagate the human species, Homo sapiens also generates a few biological strategies in naturally polygamous men and monogamous women [1] . In order to provide a stable family for security, caring and feeding, romantic love evolves and serves for sexual attraction, bonding and attachment [1] [2] . Romantic love is most likely a human universal although its value and manifestations are culturally frameworked in different generations and societies [3] .
It has been well known that the sexual response cycle can be modulated by a variety of external factors, such as prescriptions and medical disorders, through a modification of the central monoamines. The most common one is the use of antidepressants [4] or antipsychotics [5] which increases the synaptic serotonin (5HT) level or decreases the activity of dopamine (DA) and norepinephrine (NE) at the prefrontal and orbitofrontal cortex. Recently, functional technology successfully reveals the neural circuit of romantic love which encompasses multiple brain foci widely distributed in brainstem, limbic system and neocortex in a few studies [6] . If so, romantic love is expected to be affected when these neural substrates are involved. Surprisingly, secondary effect, such as drug, diet or other exogenous source, is barely mentioned for any impact for romantic love.
In this study, we attempt to review the literature in order to elucidate the relationship between central monoamines, including DA, 5HT, NE, epinephrine, histamine, and melatonin, and romantic love. The results are expected to provide noteworthy evidence for the monoaminergic regulation of romantic love and secondary involvement of romantic dissolution or divorce.
Central Circuit of Romantic Love in Human
Recently, functional magnetic resonance imaging (fMRI) is used to delineate the central neurocircuits of romantic love in human. Although the methodology is not completely identical in those studies, consistent results are still found amongst romantic lovers [6] .
In rest state, brain activation is significantly detected at the dorsal anterior cingulate gyrus in in-lovers under resting state [7] .
Under visual-stimulation by viewing partner's pictures, the caudate nucleus (including head, body or tail) is reported to be activated in more than 85% of in-lovers and the leading site of activation, following by ventral tegmentum area in 70%, anterior cingulate gyrus, posterior cingulate gyrus, cerebellar hemisphere in 57%, prefrontal cortex, medial frontal cortex, cerebellar vermis, hippocampus, insula in 42% and superior frontal gyrus, frontal subgyrus, hypothalamus, and putamen in 28%, respectively. On the other hand, the right prefrontal cortex and bilateral amygdala are separately reported to be deactivated in 75% of in-lovers and the leading sites of deactivation, following by the nucleus accumbens, superior frontal gyrus, parallel or intraparietal sulcus, superior/middle temporal gyrus (including parieto-temporo-occipital region), rolandic opercu-lum in 50%, caudate nucleus, medial frontal cortex, parietal lobe, precuneus, insula, angular gyrus, middle frontal gyrus, and posterior cingulate gyrus in 25%, respectively [8] - [14] .
Under audio-stimulation by hearing partner's name, activation is seen at bilateral caudate nucleus, ventral tegmentum area, insula, fusiform and hippocampal formation, right angular gyrus, and left inferior temporal gyrus, dorsal middle frontal gyrus, occipital lobe, and cerebellum [15] .
In all index studies, the magnitude of romantic love is evaluated by the Passionate Love Scale and all participants are highly scored. These results suggest three points. Firstly, the anterior cingulate gyrus is upregulated during in-love and that reflects it governing the emotion and affection component of romantic love. Secondly, the mesolimbic system, including ventral tegmentum area and caudate nucleus, and the mesocortical pathway are also largely activated in lovers. Accordingly, the paleomammalian limbic system generates and maintains reward and motivation for romantic love, such as passion, obsessive and pleasure. Thirdly, since the majority of the mesolimbic and mesocortical tracts are DAergic neurons [16] , the occurrence and magnitude of romantic love is therefore proposed to be mainly regulated by the DAergism. The NE, 5HT and other monoamines may also modulate the romantic love through their innervations on the ventral tegmentum area, mesolimbic/mesocortical tract or cortex.
Brain Activity and Time Course in Romantic Love
Functional neuroimaging studies show that the ventral tegmentum area, caudate nucleus, anterior and posterior cingulate gyrus, left frontal lobe, insula, cerebellum and parietal lobe activate, whereas amygdala, medial orbitofrontal cortex, prefrontal cortex and nucleus accumbens deactivate in the early phase of romantic relationship [9] [10] [12] [13] . The intensity of activation progressively decreases, first in caudate and then in ventral tegmentum area and other areas, along with the course of relationship. On the other hand, the intensity of deactivation does not change. In late phase, activation starts in hippocampus whereas deactivation in right superior/middle temporal gyrus [11] [14] .
In long-termed relationship, the intensity of activation decreases more in the left caudate, ventral tegmentum area, cerebellum and parietal lobe whereas of deactivation in the amygdala, medial orbitofrontal cortex, and right superior/ middle temporal gyrus [8] . The predominant mesolimbic and mesocorticalDAergism gradually decreases along with the course of relationship, such as starting from right caudate, left caudate and then the ventral tegmentum area.
However, it is interesting that the magnitude of love is still high in the longtermed romantic partners.
In fact, behavior is different between the early and late stage of romantic relationship. In the early stage, romantic lovers show characteristic features [17] [18] [19] [20] , including excitement, euphoria, high passion, intimacy, obsession, preoccupation similar to addiction [17] [19] , and insecurity [19] [20] . Risky behaviors are ensued for dealing with competition and possession. In the late stage, attachment love accompanies and implements with romantic love [20] to generate secure and spiritual bond, such as safety, balance of feeling, tranquility, commitment, intimacy [17] , calmness and empathy [19] [21] . DA is known to cross-talk with a few neuropeptides, especially the oxytocin, in ventral striatum to initiate and promote attachment [22] [23] . Therefore, a mild decline and then plateau of mesolimbic and mesocortical DAergism from early to late stage of romantic relationship may represent a shift of infatuation and other obsessive behaviors to harmonic interaction in romantic lovers although passion decreases but still preserves.
Literature Search and Results of Monoaminergic Regulation of Romantic Love and Relationship
The aim of this study was to elucidate the effect of monoamines on romantic love and relationship. A systematic literature review following the guidelines of Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) was performed. The main interests were to find out the relationship between central monoamines and romantic love and romantic relationship in human.
Monoamines Neurotransmitters
Monoamine neurotransmitters are chemicals for neurotransmission. Structurally, they contain one amino group that is connected to an aromatic ring by a 
Literature Search
A computer-based search of the literature was performed. Two groups of keywords were cross-matched. The first group of keywords was any classical and trace central monoamines, including "dopamine", "serotonin", "norepinephrine", "noradrenaline", "epinephrine", "adrenaline", histamine", "melatonin", "N-methylphenethylamine", "phenethylamine", "phenylethanolamine", "m-tyramine", "p-tyramine", "3-methoxytyramine", "N-methyltyramine", "m-octopamine", "p-octopamine", "synephrine", "tryptamine", or "3-iodothyronamine".
The second group of keywords was "romantic love", "romance", "romantic" or "passionate love". The English scientific databases were PUBMED and Cochrane
Database of Systematic Reviews. The Chinese scientific databases included the Airiti Library (http://www.airitilibrary.com) and Taiwan Periodical Literature System (http://readopac.ncl.edu.tw/nclJournal).
To obtain a large pool of data, all papers, books, proceedings, and abstracts that were published before December 2016 were considered in this study. Additionally, the references of each manuscript, book chapter and proceeding were further reviewed to ensure coverage of the literature.
Results
After an exclusion of reviews, comments, duplications, ex vivo study and human report without monoamine study, there were a total of 9 publications eligible, including 1 positron emission tomography study of central monoaminergic dynamic, 2 studies of transporter change, 4 studies of romantic relationship and genetics of monoaminergic receptors, and 2 studies of drugs and romantic love ( Figure 1 ). They were summarized in Table 1 and discussed separately at under paragraphs.
Central Monoaminergic Dynamic and Romantic Love
The first and only study of positron emission tomography (PET) of central neurotransmitters in romantic relationship is DA. Takahashi et al. [24] used [11C] raclopride (a dopamine D2/D3 receptor antagonist) to investigate the DA dy- Figure 1 . The selection process according to the PRISMA. 2016 [35] 1532 Chinese University students
The l/l allele carriers of 5-HTTLPR reported a higher satisfaction and a lower social interaction anxiety than s/s allele carriers.
5HT in right ventral prefrontal cortex and anterior cingulate gyrus relates to social and romantic behavior (Table 1) . Since the mOFC strongly relates to a variety of rewarding experiences [25] , including maternal love [26] , beauty in face [27] and facial attractiveness [28] , an activation in mOFC is rationally observed under romantic relationship. The findings in index study directly implicate that the dopaminergic D2/D3 modulates the rewarding experience of romance in both early and late phase of romantic relationship in human.
Monoamine Transporter and Romantic Love
Synaptic monoamines are re-uptaken back into the presynaptic neurons in order to regulate the synaptic concentration of monoamines. The DA transporter (DAT), a membrane-spanning protein encoded in chromosome 5, is highly localized in the mesolimbic, mesocortical and nigrostriatal pathway [29] . An inhibition of DAT will reduce the DA re-uptake and then increase the synaptic DA concentration.
Marazziti et al. [30] measured the lymphocytic DAT level in 30 healthy subjects of equal genders who committed romantic relationship within 6 months and also another 30 healthy subjects who committed a long-lasting relationship.
Interestingly, the Bmax (maximal number of receptor bound) and Vmax (the maximum rate achieved at saturating substrate concentration) decreased in early phase of romantic relationship. On the other hand, an increase of DA was found in the early phase than the late phase of romantic relationship (Table 1) . Accordingly, an increased central DA is considered in the early phase of romantic relationship and that may be responsible for infatuation and other rewarding behaviors.
Marazziti et al. [31] also measured the plateket serotonin transporter (SERT) in 60 subjects (20 subjects fell into love within the recent 6 months, 20 unmedicated obsessive-compulsive disorder patients and 20 healthy controls). The SERT was evaluated with the specific binding of 3H-paroxetine (3H-Par) to platelet membranes. The density of 3H-Par binding sites was significantly lower in subjects who had recently fallen in love and in obsessive-compulsive disorder patients than in controls (Table 1) . They suggested that the early stage of romantic love and obsessive-compulsive disorder share a common change involving the 5HT system. Therefore, increased 5HT obviously displays a beneficial effect on romantic love.
Monoaminergic Receptors, Genetics and Romantic Relationship
Polymorphism of the dopaminoceptor (DR) genes has been identified in relating to a group of neuropsychiatry disorders and their behaviors. The relationship between polymorphism of DR genes and romantic relationship has also been mentioned in 2 longitudinal studies.
Masarik et al. [32] (Table 1) . These results suggest genetic background displays a key role in human response to environmental stress. The DRD2 and DAT deal with negative emotion whereas DRD4 positive emotion to cope with future romantic partners. Negative emotion, like hostility, may be harmful for romantic love or relationship.
Raby et al. [33] conducted a longitudinal study to investigate the effect of the genotypes of oxytocin receptor (OXTR), DRD4, and serotonin transporter linked polymorphic region (5-HTTLPR) in the continuity of attachment from the early attachment-relevant relationship to adult attachment security. The re-sults showed that the continuity of attachment security from infancy into young adulthood was consistently moderated by OXTR genetic variation. Infant attachment security predicted the security of adults' general and romantic attachment representations only for individuals with the OXTR G/G genotype. On the other hand, the DRD4 and 5-HTTLPR genetic variation did not consistently moderate the longitudinal associations between attachment security during infancy and adulthood (Table 1 ). These findings suggest that the continuity of infantile attachment to romantic attachment is modulated by the OXTR but not DRD4 or 5-HTTLPR. This result is in line with a shifting of DA to oxytocin for a longer romantic relationship.
In regard to 5HT-1A receptor, Liu et al. [34] examined the polymorphism (C-1019G, rs6295) of 5HT-1A gene in 579 Chinese Han people. They found that 50.4% of individuals with the CC genotype and 39.0% with CG/GG genotype were in romantic relationship. The C-1019G polymorphism was significantly associated with the odds of being single both before and after controlling for socioeconomic status, external appearance, religious beliefs, parenting style, and depressive symptoms (Table 1) .
Luo et al. [35] examined the short-short (s/s) and long-long (l/l) homozygotes of 5-HTTLPR for romantic relationship satisfaction through a cyberball game that resulted in social exclusion. The l/l allele carriers reported a higher satisfaction and a lower social interaction anxiety than s/s allele carriers (Table 1) .
These results may be due to a control of the right ventral prefrontal cortex and anterior cingulate gyrus during when being excluded from partner.
Nevertheless, these four studies provide important data in that genetic basis contributes to romantic relationship in human.
Monoaminergic Modulators and Romantic Love
Serotonin-enhancing drugs, such as antidepressants, are known to variably suppress sexual response (libido, arousal and orgasm) [4] but their effect on romantic love is entirely unknown. The sole reason is because love domain has never been studied in most clinical trials before. Although some authors propose antidepressant to have negative impact on romantic effect [36] , there is only one clinical trial mentioned about the effect of antidepressants on romantic love.
Marazziti et al. [37] collected 192 depressive patients 123 women and 69 men with mild to moderate severity of depression) who were treated with either a selective serotonin reuptake inhibitor (SSRI) and tricyclic antidepressant (TCA) for at least 6 months and were involved in a romantic love relationship. The mean age was 41.2 years. The change of sexual, attachment and romantic love experience was self-reported and evaluated by the Sex, Attachment, Love (SALT)
questionnaire. The results showed that SSRIs had a significant negative impact on the feelings of love and attachment towards the partner especially in men, while women taking TCAs complained of more sexual adversity than men (Table   1) . These results firstly demonstrate the negative interaction between drug and romantic love. Importantly, this study supports an influential effect of non-psychosocial source on romantic love, especially biochemical alteration of 5HT.
Recreational drugs can change the concentration and activity of central monoamines to produce entactogenic effect in human. For a long time, the methylenedioxyamphetamine (MDA), an analogue of amphetamine and also a metabolite of methylenedioxymethamphetamine (MDMA), is nicked the "Love drug". MDA and MDMA are suggested to engender the feelings of love and warmth [38] . Therefore, recreational drugs are an ideal model to understand the relationship between the central monoamines and romantic love. In indeed, methamphetamine usage in female sex workers reduced the love score to their male intimate partners and vice versa. On the other hand, heroin usage in male intimate partners tended to increase the love score to their female sex worker partner [39] ( Table 1) . Although methamphetamine and heroin also involve with other neuropeptides and neurotransmitters besides of monoamines, this study still supports that feeling of romantic love is vulnerable for central modulating drugs.
Monoaminergic Regulation of Romantic Love
In so far, only DA and 5HT are reported in romantic love and satisfaction. The The cortical loop from frontal lobe and nucleus accumbens serve for feedback on ventral tegmentum area, which is also negatively modulated by raphe nucleus. An increase of DA and 5HT rationally explains the biochemical and behavioral change of these pathways. Increased DA is responsible for the addictive behaviors related to caudate whereas 5HT for the suppression of social norm from frontal lobe.
of DA and 5HT rationally explains the romantic behaviors in lovers ( Figure 2 ).
Furthermore, polymorphism of DA and 5HT receptor within the mesocorticolimbic tract or frontal lobe will be expected to give an inert response to incoming signal, both the facilitatory and inhibitory. Therefore, polymorphism brings a poor outcome of romantic relationship as the DA and 5HT cannot make appropriate response.
Conclusions
The interaction between monoamines and romantic love and relationship is neglected before. In aforementioned studies, monoamines are revealed to be able to regulate romantic love at both the cellular and receptor level in human. An increase of synaptic DA and 5HT concentration or activity is documented in romantic lovers, possibly acting through an enhanced terminal release or an inhibition of transporters. Indeed, the use of monoamine-modulating drugs, such as SSRI, TCA and recreational drug, impacts the romantic love in intimate partners. These results remind the possibility of any environmental biological or chemical source that reinforces or ameliorates romantic love through an alteration of central monoamines. On the other hand, the polymorphism of ANKK1/ DRD2, DRD4, DAT, 5-HTTLPR and 5HT-1A receptor affects the romantic relationship. These findings indicate a genetic contribution for romantic love. Accordingly, monoamines can regulate romantic love in human at different levels through genetic and non-genetic pathway. Besides of psychosocial impact, the biological impact on romantic love is warranted for further investigation, especially its effect on romantic dissolution and divorce.
